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A workshop titled �In situ studies of materials pro-
cessing� included speakers using synchrotron-based
x-ray techniques to study materials processes and
speakers outside the synchrotron community.

In situ Studies of Materials Processing Workshop
May 22, 2002

Physicist Randy Headrick, of the University of Ver-
mont in Burlington, kicked off the workshop with an
overview of in situ studies of materials processing.
He outlined the information that can be obtained with

of New York in Stony Brook, gave a broad and thor-
ough overview of soft x-ray microscopy studies at
the X1A beamlines. With an energy range of 100-
1000 eV, these beamlines are optimized for imaging
and spectroscopic analysis of low-Z elements such
as carbon and oxygen with a spatial resolution as
small as 30 nm. They are thus very well suited to the
study of single biological cells.

John Dunsmuir, from ExxonMobil Research & Engi-
neering Company (EMRE) in Fairfax, Virginia, dis-
cussed the uses of x-ray absorption micro-tomogra-
phy (XMT) and how such studies are conducted at
beamline X2B. With image resolutions approaching
1 µm, XMT analysis of medical, industrial, and earth
materials gives users the ability to image the inter-
nal structure of macroscopic objects without having
to physically dissect the object.

NSLS physicist Zhong Zhong highlighted the recent
and dramatic advances in Diffraction-Enhanced Im-
aging (DEI) at the X15A beamline. DEI dramatically
enhances the ability to image and contrast soft tis-
sue in ways not currently possible using techniques
such as Magnetic Resonance Imaging (MRI) and Com-
puted Tomography (CT) imaging. In the field of clini-
cal imaging, particularly with respect to mammogra-
phy, it�s clear that DEI can provide remarkable sen-
sitivity compared to standard radiographic tech-
niques.

NSLS chemist Lisa Miller gave an informative pre-
sentation illustrating most effectively how the 500-
1000 times greater brightness of the infrared (IR)
source on the VUV-IR ring in comparison to standard
laboratory sources allows IR studies, often using com-
mercial infrared microscopes, to be done with smaller
spot sizes and higher throughput. Miller showed that
these improvements allow for better resolution of
chemical components in a wide range of materials,
including plant and animal tissue, polymers and lami-
nates, and geological samples.

The six speakers of the afternoon session focused on
various applications, emphasizing the complemen-

tary information that can be obtained by using mul-
tiple techniques.

BNL environmental scientist Keith Jones presented a
study of the properties of sediments in the New York/
New Jersey harbor using XMT, hard and soft x-ray
micro-spectroscopy, and Fourier-Transform Infrared
(FTIR) techniques.

Biologist Lila Graham, from the Children�s Hospital in
Boston, presented the results of a study of the na-
ture of bone mineralization using FTIR, hard x-ray
micro-spectroscopy and micro-diffraction techniques.

Physicist George Flynn, of the State University of New
York in Plattsburgh, provided insight into the elemen-
tal mapping of interplanetary dust particles that he
obtained by using hard and soft x-ray micro-spec-
troscopy, FTIR, and XMT techniques.

Geophysicist Russell Hemley, of the Carnegie Insti-
tute in Washington, DC, presented studies of high-
pressure materials and compounds using FTIR and
x-ray micro-diffraction techniques.

Physicist Marco Di Michiel, of the European Synchro-
tron Radiation Facility (ESRF) in Grenoble, France,
presented results of a study of fast high-energy x-
ray tomography and site preferences for metal up-
take in minerals, using hard x-ray micro-spectros-
copy.

Geologist Richard Reeder, of the State University of
New York at Stony Brook, presented his latest re-
sults on site preferences for metal uptake in miner-
als, obtained using hard x-ray micro-spectroscopy.

A �Guidebook of Micro-spectroscopy and Imaging
Techniques at the NSLS� was distributed to the at-
tendees at the end of the workshop and can be down-
loaded online at:
http://nslsweb.nsls.bnl.gov/nsls/pubs/nslspubs/im-
aging0502/imaging0502.htm

                            -Lisa Miller and Antonio Lanzirotti
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different synchrotron-based surface x-ray techniques
and assessed the potential of X21 for such studies in
the future.

Physicist Christian Lavoie, from the IBM Research
Division�s Thomas J. Watson Research Center in
Yorktown Heights in New York, showed how the use
of real-time synchrotron light can dramatically re-
duce the time necessary to investigate the physical
properties and transformations in a wide range of
cobalt alloy silicides.

Materials scientist Kit Umbach, of Cornell University
in Ithaca, New York, showed how Grazing-Incidence
Small-Angle X-ray Scattering (GISAXS) had enabled
him to follow carefully the formation of ripple pat-
terns on silicon dioxide during sputter erosion with
argon ion beams. His results suggest that the finite
viscosity of the surface plays an important role in
determining the surface morphology.

This work contrasted with that of materials scientist
George Malliaras, of Cornell University, who is devel-
oping pentacene-based optoelectronic materials. His
initial Atomic Force Microscopy (AFM) and x-ray scat-
tering results with Headrick suggest that there is an
unusual structure in the first layer of pentacene de-
posited onto silicon, and that 3-d crystallites nucle-
ate on top of that layer. One of the most powerful
surface x-ray techniques is surface crystallography,
but its effective utilization requires solving the well-
known phase problem.

Physicist Paul Lyman, of the University of Wisconsin
in Milwaukee, showed that, to some extent, this prob-
lem could be overcome by using maximum entropy
methods.

The last three talks dealt with very important mate-
rials processes for which real-time x-ray scattering
may be able to provide vital information.

Physicist R.D. Vispute, of the University of Maryland
in College Park, discussed the extensive Pulsed-La-
ser Deposition (PLD) growth efforts at the University
of Maryland, focusing particularly on efforts to de-
velop aluminum nitride dielectric layers for use on
silicon carbide-based devices and to develop wide-
bandgap semiconducting zinc-oxide/manganese ox-
ide alloys for UV detectors.

Physicist Eleftherios Iliopoulos, of Boston University,
discussed Molecular Beam Epitaxy (MBE) growth of
III-V nitride films, particularly alloys of gallium-ni-
tride with aluminum-nitride and indium-nitride.

Finally, materials scientist Karl Ludwig, of Boston Uni-
versity, made a brief presentation on behalf of mate-
rials scientist Charles Eddy, from the Naval Research
Laboratory (NRL) in Washington, DC, who was un-
able to attend the workshop. Eddy reviewed plasma
processing and showed that, while much has been
learned about the chemistry of the plasma and the
gas above the processed surface, relatively little is
known about the actual structure of the surface it-
self. In this case, as in many examples presented
throughout the workshop, the new real-time facili-
ties being planned at the NSLS would provide many
opportunities for enhancing our understanding of fun-
damental materials processes.

     -Karl Ludwig, Randy Headrick, and Chi-Chang Kao
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